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Abstract : Metal-impregnated activated carbons were prepared via ultrasonic-assisted impregnation method for regeneration and
low ammonia concentration. Magnesium and copper were selected as metals, while chloride (C1') and nitrate (NOs") precursors
were used to impregnate the surface of activated carbon. The physical and chemical properties of the prepared adsorbents were
characterized by TGA, BET, and NH;-TPD. The ammonia breakthrough test was carried out using a fixed bed and flowing
ammonia gas (1000 mg L' NHs, balanced N,) at 100 mL min™', under conditions of temperature swing adsorption (TSA) and
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pressure swing adsorption (PSA, 0.3, 0.5, 0.7, 0.9 Mpa). The adsorption and desorption performance of ammonia were in the
order of AC-Mg(Cl) > AC-Cu(Cl) > AC-Mg(N) > AC-Cu(N) > AC through NH3-TPD and TSA and PSA processes. AC-Mg(Cl)
using MgCl, showed the average adsorption amount of 2.138 mmol/g at TSA process. Also, AC-Mg(Cl) showed the highest
initial adsorption amount of 3.848 mmol/g at PSA 0.9 Mpa. When metal impregnated the surface of the activated carbon, it was
confirmed that not only physical adsorption, but also chemical adsorption increased, making enhancement in adsorption and
desorption performances possible. Also, the prepared adsorbents showed stable adsorption and desorption performances despite
repeated processes, confirming their applicability in the TSA and PSA processes.
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Figure 1. Schematic diagram of the breakthrough test equipment.

Table 1. BET analysis results of samples

Surface Area | Pore Volume | Pore Diameter
(m’ g (em’ g) (nm)

AC 1662 0.97 23
AC-Mg(Cl) 1069 0.65 24
AC-Mg(N) 962 0.54 22
AC-Cu(Cl) 1059 0.67 24
AC-Cu(N) 1212 0.75 24
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Figure 2. TGA curves of samples.
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Figure 3. TCD intensity through NH;-TPD of samples.
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3ol 2%0 wE dryot &3 TA4E YERlon, Table
20= 303 ~ 473 Koj|A 9] Yo} ZatgS Alitsto] Leb
Atk HE Al OF 353 ~ 393 Kol Hoff 22 34 vt
yolom, AC-Mg(Cl)o] 1.836 mmol g'2 ACS] 0.450 mmol
g'HT}h 4] ol A YEhg 7H 22 EARFS UERfQIth
otr o} gkl AC-Mg(Cl) > AC-Cu(Cl) > AC-Mg(N) >
AC-Cu(N) > AC =02 UEH 919t Z2 &A= AlRY
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Table 2. Amount of NH; desorption of samples through the
NH;-TPD test

Amount of NH; desorption
(303 ~ 473 K, mmol g™
AC 0.450
AC-Mg(Cl) 1.836
AC-Mg(N) 0.885
AC-Cu(Cl) 0.924
AC-Cu(N) 0.792
700
600 (a) AC
£ 50 -=-1cycle
g —e— 2 cycle
% 400 -3 cycle
g 300
%ﬂ 200
% 100+
0 0.1 Mpa
a0l (b) AC-Mg(CI) (c) AC-Mg(N)
E 5004
g 400
g 300
%ﬂ 200
% 100+
700
a0l (d) AC-Cu(Cl) (e) AC-Cu(N)
E 5004
g 400
g 300
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D’O 50 100 150 200 250 5‘0 160 |é0 260 250
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Figure 4. Breakthrough curves of samples (a) AC, (b) AC-Mg(Cl),
(c) AC-Mg(N), (d) AC-Cu(Cl) and (e) AC-Cu(N) under
TSA process.
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Table 3. Average adsorption amount of samples through the
breakthrough test

Average adsorption amount (mmol g™

TSA PSA
0.1 Mpa | 0.3 Mpa | 0.5 Mpa | 0.7 Mpa | 0.9 Mpa
AC 0.629 0.691 0.773 - -

AC-Mg(Cl) | 2.138 1.078 1.239 1.399 1.573
AC-Mg(N) 0.966 0.689 | 0.763 - -
AC-Cu(Cl) 1.163 0.652 | 0.865 - -
AC-Cu(N) 0.738 0.513 | 0.548 - -
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< YEWRH TSA s tdES 53 F2AY &3 452
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Figure 5. Breakthrough curves of samples (a) AC, (b) AC-Mg(Cl),
(c) AC-Mg(N), (d) AC-Cu(Cl) and (e) AC-Cu(N) under
PSA (0.3 Mpa) process.
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Figure 6. Breakthrough curves of samples (a) AC, (b) AC-Mg(Cl),
(c) AC-Mg(N), (d) AC-Cu(Cl) and (e) AC-Cu(N) under
PSA (0.5 Mpa) process.
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